Introduction
Cyanobacteria such as Microcystis, Anabaena, and Aphanizomenon had already appeared in 1910 in Lake Kasumigaura (Ibaraki Prefecture, 1912) .
However, it would be neither abundant nor dominant then. The Ibaraki Prefecture Government (TANGE et al., 1957 ; KASEBAYASHI et at., , 1959a KASEBAYASHI et at., , 1959b SUNOU et at., 1960 ; YAGUCHI et al., 1961 YAGUCHI et al., a, 1961b reported the abundance of phytoplankton collected with a plankton net during [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] [1958] [1959] [1960] . According to them, the most dominant species in the summer changed from Metosira to Microcystis after 1957. SUGIURA et al. (1978 SUGIURA et al. ( , 1982 reported that Microcystis bloomed every year from 1969 to 1978 at the innermost part of Tsuchiurairi Bay, and it became dominant in 1971, 1972, and 1973 in the main basin.
The primary production in this lake was measured first by ICHIMURA (1958 ICHIMURA ( , 1960a ICHIMURA ( , b, 1961 . The values of chlorophyll a concentration and gross primary production in 1956-1957 were 10-40 mg m and 0.1-2.2 gO2 • m-2 • d-', respectively. Thereafter, the primary production during 1971-1979 was measured by MAEDA et at. (1974) , TEZUKA et at. (1973 TEZUKA et at. ( , 1975 , IWAKUMA and AIZAKI (1979) and IWAKUMA and YASUNo (1981) . The annual means of gross primary production in the main basin were 4.6 gO2 • m-2d
in 1972 (TEZUKA et at., 1973 ), 7.0 gO2 • m-2 • d-' in 1973 (TEZUKA et at., 1975 , and 9.0 g02 • m-2 • d- ' in 1979 (IWAKUMA and YASUNO,1981) , respectively. This study reports the seasonal changes in the biomass of phytoplankton species during [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] and the primary production in Lake Kasumigaura during [1981] [1982] [1983] [1984] [1985] . Also, factors controlling the primary production of this lake are analyzed.
2. Geographic situation of Lake Kasumigaura Lake Kasumigaura which is located in Kanto Plain (35'52'N-36'09'N, 140° 13'E-140'38'E) is the second largest lake in Japan (surface area, 167.7 km2). The pH, transparency and underwater solar irradiation
were measured biweekly, in some cases monthly, with a thermistor electrodes (Hydro labo 8000), a Secchi disc and a quantum sensor (LI-COR, or Biosphaerical QSP 170), respectively.
3-2. Species composition and algal biomass
The counting of phytoplankton fixed with Lugol's iodine solution was performed by UTERMOHL's method (1958) . Microcystis cells were counted with a haemacytometer after being dispersed by ultrasonic disintegration (20 kHz, 60 sec). The species and their volume appeared from 1978 to 1985 in this lake were already shown in our previous report (TAKAMURA et al., 1986) . The carbon content of each species was converted using their volume by STRATHMANN (1967) . The biomass of each alga was determined by the cell numbers and its carbon content.
3-3. Primary production 3-3-1. Measurement of biomass (chlorophyll a and POC), photosynthesis and respiration All samples were pref filtered through a 193 jc m mesh net to remove large zooplankton. Chlorophyll a was extracted in 90% acetone and determined spectrophotometrically by the UNESCO/SCOR method (UNESCO/SCOR 1966), after the water samples were quantitatively filtered through a Whatman GF/C filter. The carbon content was measured with a CHN analyzer (Yanagimoto MT-3) after collection on a Whatman GF/C filter precombusted at 450°C for 3 hr.
To measure carbon uptake, 0.5 ml of NaH13C03 solution (0.5 mg • 1-') was added to water sample in each 100 ml BOD bottle, all of which were incubated at five light intensity levels (20, 50, 100, 300 and 1,000 ,u Einst. m-2•s~1) in a water tank set at in situ water temperature. Since the incubation for more than two hours resulted in the reduction of photosynthesis, the incubation time was restricted for one hour. The light sources used were four 300W tungsten lamps. To provide uniform light intensity and mix the samples in bottles, transparent acrylic boards (40 cm in diameter) with BOD bottles were rotated at the speed of 10 rpm facing light. The light intensity was reduced by placing opaque acrylic boards between the transparent acryl boards. After the incubation, the BOD bottles were transferred to a dark box with ice. Phytoplankton in these bottles were collected on a precombusted The photosynthetic rate (Pv,gC • m-3 • hr-') was calculated as follows (HAMA et al., 1983) P~=B (a2-ao)/t1 (a1-a0) .................. (1) where t1 is the duration of incubation (hour), B is the POC (B ; gC • m 3) at the end of the incubation, a2 is the atom % of '3C in the POC of the incubated sample, a3 is the atom % of 13C in the total inorganic carbon at the start of the incubation, and ao is the atom % of 13C in the POC of natural sample.
For measurement of the respiration rate (Rv;gC • m-3 • hr-') of Phytoplankton , the lake water was put into dark BOD bottles and incubated for 24 hr at in situ water temperature.
Dissolved oxygen was analyzed by azide modification of the Winkler method (APHA, 1980) . The photosynthetic quotient was 1.05 (TAKAMURA et al., 1984) . The respiration rate (Rc;gC • gC"' • hr" 1) and the net photosynthetic rate (P;gC • gC"'hr) • 1were obtained by dividing RV and Pv by POC (B;gC • m^3), respectively. The gross photosynthesis (Pg;gC • gC-' • hr ') was expressed by the sum of P and Rc.
3-3-2. Calculation of daily primary production per unit area When algae are exposed to a strong light irradiation, the photosynthesis-light curve may show a depression in photosynthetic rate, the so-called `photoinhibition'. According to IWAKUMA and YASUNO (1983) , the photosynthesis (Pg:gC • gC-' "hr') of phytoplankton of Lake Kasumigaura showed photoinhibition in winter and fitted well the VoLLE- hr ') (u Einst. m-2.5)_1 s-were determined by the nonlinear least square method.
Phytoplankton was assumed to be homogeneously distributed. The photosynthetic rate per unit area at the time t (Pz(t):gC • m-2 • hr-') from spring to autumn, when the photoinhibition was not observed, was calulated by the Method 1 described in TAKAMURA et al. (1986) .
The photosynthetic rate per unit area at the time t (Pz(t) ; gC • m-2 • hr-') in winter, when the photoinhibition was observed, was integrated numerically since Eq. (2) The diatoms usually dominated in spring and autumn. Both Synedra rumpens and S. acus composed the spring peak. Melosira was observed for 5-6 months in the second half of the year, although the biomass did not become large.
Coscinodiscus lacustris increased in autumn and winter and Cyclotella spp. in spring and winter.
The biomass of green algae was always small throughout the study period except for a large bloom The water temperature became more than 20°C from mid-May to mid-October, exceeded 30°C from late July to early September, and fell below 10'C from December to mid-March. The maximum value of daily solar radiation was usually recorded in May.
The radiation once descended in the rainy season (from June to early July), but ascended again after then. The minimum value was usually observed in November. 262) in the main basin, although it was not at Stas. 3 and 7.
5-2. Photosynthesis and primary production
The photosynthesis-light curves in the most months were light-saturated ones, while photoinhibition was observed from January to early March. Since the P,x values were low in winter as shown below, the photosynthetic activity remained low under both low and high light intensities in winter. were similar to those in 1972 -1979 (TEZUKA et al., 1973 IWAKUMA and YASUNO, 1981) , although the strict comparison between these studies was difficult because of the different methods.
5-3. Relationship between primary production
and environmental factors Table 1 shows the matrix of partial correlation coefficients (stepwise regression analysis) between the variables or parameters concerning primary production and environmental factors. Gross production (GP) was correlated with solar radiation (Io), water temperature (WT), and chlorophyll a concentration (Chl. a), and was not correlated with nutrient concentrations at every station. The correlation coefficient between GP and Chl.a was higher at Stas. 3 and 7 in the bays than at Stas. 9
and 12 in the main basin. Respiration (Res) was correlated with the same three factors at Stas. 3 and 7, but was correlated with only water temperature (WT) at Stas. 9 and 12. The coefficients of net production (NP) varied considerably from station to station. P" . was correlated with WT significantly. No variables concerning primary production were correlated with nutrient concentrations, and so nutrient was not a limiting factor for primary production in Lake Kasumigaura. The multiple regression equations to express GP, Res, and P,,at each station are shown in Table 2 .
The multiple correlation coefficient is indicated with r. More than 60% of gross production was contributed by solar radiation, water temperature.
and chlorophyll a concentration at all stations. On the other hand, respiration and P, were determined mainly by water temperature.
Characteristics of primary production in Lake Kasumigaura
Generally, the primary production is controlled by 1) environmental conditions such as water tempera ture, solar radiation, and nutrient concentrations, 2) the biomass of phytoplankton, and 3) the photosynthetic potential of phytoplankton species. The values of primary production measured in 1956 (ICHIMURA, 1958 , 1960a ,b, 1961 ICHIMURA, and ARUGA, 1958) Thus, the primary production of Lake Kasumigaura in recent years might approach the upper limit.
The primary production in autumn was lower than in spring and summer. In general, yearly primary production was significantly correlated with annual average total phosphorus concentration and annual average chlorophyll a concentration, on a log-log linear scale (OEcD, 1982) . However, there are some exceptions. In the case of Lake Myvatn and Lake Esrom, the ** Significant at 0.01 probability level * Significant at 0.05 probability level Primary production of phytoplankton and biomasses of zooplankton and zoobenthos in hypertrophic Lake Tegamuna. Hydrobiologia (in press). TAKAMURA N., T. IWAKUMA and M. YASUNO (1984) :
The biomass and production of phytoplankton in Lake Kasumigaura during 1981 -1983 . TAKAMURA, N., T. IWAKUMA and M. YASUNO (1985) : Photosynthesis and primary production of Microcystis aeruginosa K u tz. in Lake Kasu-
